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General Pallid Sturgeon Questions: 
I. What is the population of pallid sturgeon in the Missouri River and its tributaries? 
Service Providers:  
1. What are the population trends over time?  
 Approximately 90% (2,720 of 3,131) of the pallid sturgeon sampled were identifiable 
as stocked fish.  Pallid sturgeon populations are increasing and age structure is 
improving due to stocking (see below example for gill net catch in the lower 
Missouri River for the period 2006-2008). 
 A population estimate has been developed for the Fort Peck and Yellowstone River 
reaches (158 wild adults in 2004; Klungle and Baxter 2005); other estimates for the 
lower Missouri and the Mississippi rivers are under development by scientists at the 
USGS, NGPC, and USACE. 
 Population viability and a sensitivity analysis of the critical population parameters 
for pallid sturgeon have been completed and published (Bajer and Wildhaber, 
2007).  Results suggest that management that increases population-level fecundity 
and improves survival of age-0, juveniles, and young adults should most effectively 
benefit sturgeon populations.   
GS ACE LAB FWS MT MO NE SD 
Annual relative abundance (mean catch per unit effort [±2SE]) of hatchery, wild, and unknown-origin pallid 
sturgeon (top) and all pallid sturgeon (bottom) randomly sampled using gill nets during the 2006-2008 
sampling years (catch for prior sample years not included in the graphs), and cumulative stocking history 
(recruited [i.e., ≥ age 1] yearling equiva lents; N=number released) in the lower Missouri River from 2001 
through 2008. 
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 Sampling indicates that reproductive adults remain very rare.  There is no evidence 
of recruitment of wild, naturally spawned pallid sturgeon above Gavins Point Dam. 
 Recruitment downstream of Gavins Point Dam to the mouth is extremely rare (cite 
population assessment reports?) 
II. Is propagation a viable short-term solution to augment pallid sturgeon populations? 
Service Providers:  
2. Can pallid sturgeon be propagated? 
 Since the 2000 Biological Opinion was issued, over 350,000 fingerling-sized or larger 
pallid sturgeon have been stocked into the system.  
 The graphs shows the number of pallid sturgeon stocked since 1994 within different 
management areas.  
 Hatchery improvements have increased the maximum production capability of 8"-
sized pallid sturgeon from approximately 20,000 to 60,000 per year.   
 Iridovirus is a natural pathogen of pallid and shovelnose sturgeon, which can induce 
significant mortality in hatcheries and is being successfully managed.  In addition, 
the propagation program continues to struggle with other emerging diseases (e.g., 
ranavirus and herpes virus) and rearing difficulties (gas supersaturation and fin curl).    
3. Will stocked fish survive in the river? 
GS ACE FWS MT MO NE SD U 
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ISP Projects Addressing Questions: 
• Pallid Sturgeon Population Assessment  
• Pallid Sturgeon Propagation and Population Augmentation 
• Other Sturgeon Investigations 
• System Status Reports 
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 Stocked fish are surviving and growing in the river.  Pallid sturgeon stocked as 
larvae, fingerlings and age-1 juveniles are surviving and their growth rates are 
comparable to wild sturgeon (Steffensen and others 2010).  Survival rates for pallid 
sturgeon stocked as age-1 and older in the Missouri River may exceed 90%. 
 Fish stocked into the river through the Propagation and Augmentation Program are 
beginning to reach sexual maturity. 
4. Will stocked fish spawn in the river? 
 Hatchery origin pallid sturgeon are reaching reproductive age and appear to exhibit 
characteristic  migration and spawning behaviors (DeLonay and others, 2009).  It is 
unknown, however, whether adult hatchery sturgeon are spawning at the right 
time, right place or under the right conditions with other wild or stocked pallid 
sturgeon.   
5. What is the appropriate level of stocking? 
 The BiOp recommends an annual stocking rate of 4,700 juvenile to 1-year old 
sturgeon, 2,973 of which are the responsibility of the USACE. 
 Based on subsequent investigations an annual minimum stocking target of 
approximately 48,760 yearling pallid sturgeon or yearly equivalents is the objective   
identified by the Pallid Sturgeon Recovery Team for the Missouri River. 
o Survival rates for hatchery propagated white sturgeon were initially used as 
surrogate survival rates to set pallid sturgeon stocking objectives. 
o Survival rates for stocked pallid sturgeon (Hadley and Rotella 2009, Steffensen 
and others 2010) derived from USACE and State monitoring program data were 
similar to white sturgeon, indicating that the original assumptions of the 
stocking program were accurate.   
o Survival rates of stocked pallid sturgeon (Hadley and Rotella, 2009) and 
estimates of original population levels (Braaten and others, 2009) have been 
used to adjust stocking levels for populations above Lake Sakakawea. 
 Growth and survival analyses on hatchery fish have been mostly limited to year 
classes of hatchery fish that have yet to transition to a fish diet or reach 
reproductive maturity.  It is unknown what the carrying capacity for adult pallid 
sturgeon is in most portions of its range, whether there are sufficient forage fish to 
support large numbers of predatory adults, or what constitutes a threshold 
population for adequate spawning success.  Continued monitoring and adaptive 
management of stocking goals will be necessary.  
 Determination of survival rates is ongoing to refine the appropriate level of stocking. 
III. Do pallid sturgeon spawn in the Missouri River? 
Service Providers:  
6. Where are the locations of spawning sites? 
GS ACE FWS MT MO NE SD LAB 
ISP Projects Addressing Questions: 
• Pallid Sturgeon Population Assessment  
• Pallid Sturgeon Propagation and Population Augmentation 
• Development of Management Tools for the Pallid Sturgeon Iridovirus (PSIV) 
• Fishing for Cytokines and Immune Molecules to Better Understand Pallid Sturgeon 
Health 
• Genetic Analysis – Species and wild origin determination 
• Comprehensive Sturgeon Research Project (CSRP) 
 8 
 
USACE 
USACE Labs 
USGS 
USFWS 
MFWP 
MDC 
NGPC 
SDGFP 
Universities 
IDNR 
Contractors 
Other 
ACE 
LAB 
GS 
FWS 
MT 
MO 
NE 
SD 
U 
IA 
C 
O 
 Female sturgeon have been documented releasing eggs; primarily in areas of 
converging flow, in the deepest, faster water available over or adjacent to coarse 
substrate on outside revetted bends (DeLonay and others 2009). 
 These documented occurrences are spread out over 100’s of river miles and occur 
upstream in the Gavins Point reach to the confluence with the Mississippi.  
o Spawning in the lower basin has been identified over a wide range of modified 
habitats.  Spawning has occurred at locations between Gavins Point Dam and 
Sioux City, between Sioux City and Omaha, and between Kansas City and 
Boonville for the period 2007-2010.  
o Spawning in the upper basin has been documented in the Yellowstone River 
near its confluence with the Missouri. 
 Small flow pulses similar to those under consideration for dam releases are capable 
of transporting sediment and substantially rearranging the bed (Elliott and others, 
2009; DeLonay and others, 2009); hence such flows have the potential to condition 
coarse spawning substrate by flushing fine sediment.  Presently identified spawning 
patches (deep, turbulent water on outside revetted bends), however, are likely to 
be persistently free of fine sediment.   
7. What is the timing of the spawn? 
 Spawning of shovelnose and pallid sturgeon has occurred over extended periods 
(weeks to months).  
 Pallid sturgeon in the lower Missouri River are typically spawning at temperatures 
from 15 to 18 °C (DeLonay and others, 2009).   
 While the data are still limited, documented spawning times for pallid sturgeon in 
the Lower Missouri River have occurred over a narrower time frame than 
shovelnose sturgeon.  Spawning in the lower 400 miles of the Missouri River 
typically occurs at the very end of April through the first two weeks of May 
(DeLonay and others, 2009).  Pallid sturgeon further upstream near Gavins Point 
Dam generally spawn later.  Spawning near the dam may not occur until the end of 
May. 
 In river reaches below dams, it is believed that cooler water temperatures may 
inhibit spawning by sturgeon (e.g. below Fort Peck Dam).  
8. What are the cues that induce spawning? 
 Temperature, photoperiod (day length), and flow magnitude are emerging as 
potential migration and spawning cues (DeLonay and others 2009).  At this time, the 
individual effects of these factors on spawning cues cannot be isolated. 
 Other factors that may affect spawning include substrate type, proximity of fish of 
the opposite sex, reproductive health, and water quality. 
 Pallid sturgeon have spawned without intentional pulsed flow releases from Gavins 
Point Dam (DeLonay and others 2009), but the importance of flow variability due to 
other sources (such as tributaries) is unknown.   While pallid sturgeon can spawn 
under a wide range of flows it is unknown how flow influences spawning success, 
development and hatch of eggs, predation, or dispersal of resulting larvae. 
ISP Projects Addressing Questions: 
• Comprehensive Sturgeon Research Project (CSRP)  
• Pallid Sturgeon Population Assessment 
• Pallid Sturgeon Habitat Assessment and Monitoring Program (HAMP) 
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IV. What are potential limiting factors to the reproduction, survival, and growth of the pallid 
sturgeon? 
Service Providers:  
9. What are the specific requirements for pallid sturgeon to successfully transition 
between life-stages? 
Life Stage Life Stage 
Component 
Current Understanding Current and Future Investigations 
Adult 
Prespawn 
Research indicates that pallid sturgeon 
mature, become reproductive and exhibit 
extensive migratory movements in the 
Missouri River. 
What are the effects of temperature, 
flow regime, channel morphology, 
and food supply on migration and 
readiness to spawn? 
Spawn 
Research has addressed barriers to spawning 
and concludes that pallid sturgeon can spawn 
in the Missouri River.  Scientists have NOT yet 
found deposited eggs, or larval pallid sturgeon 
associated with documented spawning events. 
Cold water-temperature events can disrupt 
spawning migrations. 
What are the combined effects of 
water temperature, flow regime, 
and water quality in cueing 
reproductive stages in pallid 
sturgeon?  Does the occurrence of 
hermaphroditism affect pallid 
populations? 
 
 
 
 
Egg to 1 yr. 
(Age 0 to 
1) 
 
 
 
Egg 
development 
Wild and hatchery raised adults in 
reproductive condition have been successfully 
captured.  They have been successfully 
spawned in the hatchery, and their progeny 
have hatched and recruited to larval stage, 
indicating that pallid sturgeon in the Missouri 
River are healthy, and have normal egg and 
larval development. 
Do eggs adhere to river substrate? 
Are eggs fertilized in the wild? Do 
eggs hatch in the wild? Is predation 
an issue at the egg stage? 
Hatch to yolk 
absorption 
Hatchery born larvae have been successfully 
moved to feeding on external food sources 
after yolk absorption.  Laboratory and field 
studies have established that larval pallid 
sturgeon drift hundreds of km during this 
stage (Braaten and others, 2008); larvae are 
concentrated in the thalweg and near the river 
bottom (Braaten and others, in press). 
Are larvae susceptible to predation? 
Are yolk sac resources sufficient to 
sustain larvae to a stage where they 
can feed on external resources? How 
do temperature, flow regime, and 
channel morphology affect drift 
distance and where in the channel 
larvae drift? Is entrainment (e.g. 
water intakes, diversions, dredges) a 
problem for drifting larval sturgeon? 
Larvae 
 In upper basin hatchery-released larvae have 
recruited. 
Where do larval fish drop out of the 
drift? Are resources necessary for 
survival available where larvae drop 
out? What are larval fish habitat 
requirements (e.g., nursery habitat)? 
Currently investigating drift and diet 
shift, habitat preferences, and 
feeding behavior 
Post-larvae 
to one year 
Post-larvae to age 1 pallid sturgeon have not 
been documented in the wild.  Laboratory 
research has shown negative or neutral 
selection for pallid sturgeon as prey by some 
species of native, predatory fish (French 
2009). 
What is larval and juvenile pallid 
habitat? What are pre-winter habitat 
requirements for this life stage? 
What are over-winter habitat 
requirements? What food resources 
are necessary for survival? 
Juvenile to 
Adult 
 
Evidence provided by hatchery releases shows 
that pallid sturgeon released as juveniles (≥ 
one-year of age) have relatively high survival 
(Hadley and Rotella 2009, Steffensen et al, 
2010). 
What is larval and juvenile pallid 
habitat? What are pre-winter habitat 
requirements? What are over-winter 
habitat requirements? 
Juvenile pallid sturgeon eat primarily 
macroinvertebrates (Grohs and others, 2009; 
Gerrity and others, 2006) 
What prey types and amounts are 
optimal for growth, survival, and 
reproductive maturation? 
ACE LAB GS FWS MT MO NE SD U IA O 
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Larger juveniles and adults feed primarily on 
fish (e.g., sicklefin chub, sturgeon chub, 
Johnny darter, flathead chub, sand shiner 
(Gerrity and others, 2006). 
What prey types and amounts are 
optimal for growth, survival, and 
reproductive maturation?  What are 
the ecological requirements for 
preferred prey species? 
 
10. What are the details of larval drift? 
 Drifting sturgeon larvae have been documented in the river indicating that 
successful wild spawning of Scaphirhynchus sturgeon has occurred in the Missouri 
River.  Three larvae collected from the Lower Missouri River near Lisbon Bottom 
were identified as pallid sturgeon (Mauldin, 1999, cited in Hrabik and others, 2007); 
however these identifications were not confirmed with genetic tests.   
 During USGS sturgeon reproductive studies in 2010, day-0 shovelnose sturgeon 
larvae were collected just downstream of a confirmed pallid sturgeon spawning site 
(Aaron DeLonay, pers. com), indicating that conditions at that site were suitable for 
Scaphirhynchus spawning and hatch.  
 Upper Missouri River basin models of cumulative drift distance as a function of 
velocity suggest that the average larval pallid sturgeon would drift about 152 miles 
at a mean water column velocity of 1 ft/sec, but drift distance for the average larvae 
would increase to 329 miles at mean water column velocities of 2 ft/sec. (Braaten 
and others 2008). However, variability in drift rates and cumulative drift distance 
were exhibited by the larvae.  Drift rates for pallid sturgeon have not yet been 
validated in the lower Missouri River.   
 Calculations based on ranges of larvae maturation times (Braaten and others, 2008) 
and typical water velocities in the Lower Missouri River downstream from Gavins 
Point dam indicated that total drift distance could be 189 to 1100 miles, which could 
place Missouri River drifting larvae in the Mississippi River (DeLonay and others, 
2009). 
 Water temperature, velocity, and channel form have been shown to influence drift 
distance and time (Braaten and others, 2010). 
11. Is the abundance or diversity of forage a limiting factor for young and / or adult 
sturgeon?  
 Results to date indicate that sturgeon (pallid and shovelnose) under 24 inches share 
similar diets, and above 24 inches, the pallid shifts to a fish dominated diet (Grohs 
and others 2009). 
 Research indicates that there are differences in growth and condition by geographic 
region. More analysis needs to be conducted to better understand the relationships 
that exist (Population Assessment Annual Reports, 2002-2010). 
12. How is disease affecting recruitment? 
 Iridovirus occurs in both hatchery and wild populations. Iridovirus is a natural 
pathogen of pallid and shovelnose sturgeon, which can induce significant mortality 
in hatcheries and is being successfully managed.   
 Sturgeon surviving Iridovirus infection can be virus carriers and potentially transmit 
the virus to unaffected fish (Hedrick and others 2009). 
13. What substrate types are important for pallid sturgeon life history? 
 Early observations of potential spawning substrate indicate that spawning habitat 
includes gravel and larger rock on outside bends on the river (DeLonay and others 
2009).  Abundance of this habitat type in the lower river indicates that this may not 
be a limiting factor.  However, it is not known if stabilized river bends are adequate 
or ideal for spawning and subsequent survival of progeny.    
 Lab studies show juvenile pallid sturgeon prefer sand and avoid gravel and wood 
(see Allen and others 2007, Personal communication with Tobias Rapp, SDSU).  
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 Field studies of pallid and shovelnose sturgeon habitat selection indicate selection 
for sand substrate during adult life stages, with the exception of during spawning 
(Reuter and others, 2009; Bramblett and White, 2001),  
14. How does water quality (e.g. temperature, dissolved oxygen, turbidity, endocrine 
disrupters) affect recruitment of pallid sturgeon? 
 In one study, 12% of the male shovelnose sturgeon also had female characteristics 
in their reproductive systems (DeLonay and others 2009); however, the cause is 
unknown at this time.  In other fish species, this has been tied to endocrine 
disrupting chemicals such as estrogen mimicking compounds from waste-water 
systems.  It has been established that endocrine disrupting chemicals can have 
population level impacts  
 An altered temperature regime has been identified as a factor limiting condition, 
growth, and survival in warm water fishes (e.g., shovelnose sturgeon in the upper 
Missouri River; Kappenman and others 2009). 
15. Is predation impacting recruitment? 
 In a laboratory study, pallid sturgeon vulnerability to predation was shown to be low 
(Tobias Rapp, South Dakota State University, Personal Communication). 
o Pallid sturgeon were not selected as food by walleye and smallmouth bass 
under all tested conditions 
o Flathead catfish consumed 1.5 to 2 inch pallid sturgeon at the same frequency 
as other foods.  Flathead catfish did not select 3 to 4 inch pallid sturgeon as 
food. 
 Capture and non-consumption by predators appears to have little effect on survival 
of >2.8 inch pallid sturgeon (Tobias Rapp, South Dakota State University, Personal 
Communication). 
 To date, many of the pallid sturgeon stocked were 8 inch yearlings, which need a 
large investment in feed, time, and hatchery space.  Stocking smaller sturgeon 
would allow managers to increase the number of fish stocked, while decreasing 
costs in space and time required. 
16. What habitat types are necessary during pallid sturgeon migration, how much is 
available and are there missing habitat components? 
 Migratory sturgeon appear to select areas where slow and fast water meet and 
habitat transitions from shallow to deep water (Reuter and others, 2009, Bonnot 
and others, in review; DeLonay and others 2009). 
 Migratory and rearing habitat appears to be more limited from the Platte River to 
Sioux City, than in the segments upstream of Sioux City, or downstream of Kansas 
City (Reuter and others, 2009; Reuter and others, 2008; Elliott and others, 2009; 
Jacobson and others, 2009; DeLonay and others 2009). 
17. How is hybridization affecting sturgeon populations? 
 Hybridization between pallid sturgeon and shovelnose sturgeon has been 
documented in the Missouri River (Hartfield and Kuhajda 2009).  Potential 
population level effects and the factors that contribute to hybridization, however, 
have not been studied. 
 The level of hybridization appears to be greater in the lower Mississippi and lower 
Missouri Rivers than in the upper Missouri and lower Yellowstone Rivers (Carlson 
and others 1985, Keenlyne and others 1994, Tranah and others 2004). 
 Hybridization does occur naturally among sturgeon at a very low rate.  High rates of 
hybridization typically occur in sturgeon when individuals of one species are very 
rare and the other much more common, when barriers prevent species from 
reaching the spawning grounds, and when habitat alterations break down the 
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mechanisms that synchronize and separate reproduction of the species in time and 
space (e.g., altered temperatures and flows, too little or too much spawning habitat) 
18. What role does flow regime play in the survival and growth of young pallid sturgeon? 
 Flows are assumed to be critical in providing essential biological and physical 
functions (spawning cues, habitat conditioning, larval dispersal) (Fisher 1983, Poff 
and others 1997, Arujo-Lima 2005, King and others 2009) and providing essential 
organic resources into the channel for increasing primary and secondary production 
(i.e., food and energy required for all pallid sturgeon life stages). Through 
connection with the floodplain, flows provide increased organic material into the 
main channel and rework the distribution of organisms and sediments (Junk and 
others 1989, Bayley 1995, Galat and others 1998, Ward and others 1999). Those 
elements are thought to be essential in overcoming the recruitment bottleneck. 
(i.e., increased forage for a larval and juvenile pallid sturgeon through floodplain 
connectivity). The BiOp also assumes that flows in the summer should be sufficiently 
low to provide for shallow, slow velocity habitats for refuge and foraging habitat for 
these life history stages. 
 A significant assumption of the BiOp is that without some level of restoration of the 
natural hydrograph the pallid will continue to decline. While we have some 
evidence that spawning can occur in the reach without a pulse from the dam, we 
have very little understanding of the effects of the altered hydrograph on pallid life 
history. The unsynchronized nature of our current hydrograph with the biological 
and ecological processes that evolved in the system is suspected to cause indirect 
impacts to pallid growth and reproduction. 
19. Is lack of sediment a limiting factor? 
 Prior to the 1950s, the Missouri River carried more than 320 million tons of 
suspended sediment per year at Hermann, Missouri. The construction of dams, 
channel structures and levees allowed easier river navigation and controlled 
flooding but drastically decreased the amount of sediment flowing in the river. 
Today, the Missouri River near Hermann carries only 20 to 25 percent of its original 
sediment volume (Jacobson and others, 2009; Meade and Moody 2010). 
 Reintroducing sediment to the river from the floodplain (during shallow-water 
habitat construction) could temporarily and partially restore other natural river 
functions (e.g., turbidity) and could provide the building blocks for natural habitat 
creation.  
  Transport of sediment around Gavins Point dam has the potential to sustainably 
increase annual suspended sediment load by approximately 5 million tons per year, 
or about 10% of the present total suspended  load (as measured at Hermann, 
Missouri). 
 Sediment carries nutrients which are essential for primary productivity but may 
exacerbate gulf hypoxia (Jacobson and others, 2009).  “A comparison of potential 
phosphorus loads from Corps SWH projects, with load increments required to 
produce measureable changes in the areal extent of Gulf hypoxia, shows that these 
projects will not significantly change the extent of the hypoxic area in the Gulf of 
Mexico” (NRC of the National Academies, 2010). 
 The pallid sturgeon evolved adaptations to persist in a naturally turbid environment 
(Blevins, 2006). “High concentrations of sediment and high turbidity in the pre-
regulation river were important to the evolution and adaptation of native species 
such as the pallid sturgeon” (NRC of the National Academies, 2010).  
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V. How are management actions (flow modifications, habitat creations) affecting pallid 
sturgeon spawning, recruitment and population trends? 
Service Providers:  
20. Do habitat creation activities affect pallid sturgeon reproduction, survival, and 
growth? 
 Adult pallid sturgeon occupy the edges of shallow-water habitat in their upstream 
migrations (DeLonay and others 2009).  They have been tracked through created 
chutes on their upstream migration suggesting that habitat manipulations can 
facilitate migration, conversely some constructed river structures have been shown 
to impede migratory movements, including control the structures at the upstream 
chute entrances, and large notched L-head structures. 
  The goal of habitat creation efforts, based on the Biological Opinion, is to provide 
for increased primary and secondary production, as well as increasing the fish 
forage base for pallid sturgeon. These effects are expected to occur slowly and in 
step with habitat maturation.   
21. Could a fall pulse achieve ecological outcomes? 
 It is thought that there are some benefits to a fall pulse flow physically as it has the 
potential to rework sediments and bring organics (if it gets onto the floodplain) into 
the main channel. These effects may be beneficial for pallid sturgeon and could 
even create some emergent sandbar habitats for the terns and plovers (2003 BiOp 
RPA element II.2.b.2 page 201- 202).  
22. Do pulse flows from Gavins Point have the ability to condition spawning habitat? 
 Flow pulses, similar to those under consideration for dam releases, have 
transported sediment and rearranged material on the bed of the river, (Elliot and 
others 2009); indicating the ability to condition habitat.  
23. How important is floodplain connectivity/ seasonal inundation to pallid sturgeon 
reproduction, survival, and growth? 
 From the literature it is clear that access to the floodplain is important in providing 
organic inputs into the system and providing for certain life history stages for native 
fishes in large rivers (Bayley 1988, Junk and others 1989, Galat and others 1998, 
Ward and others 1999).  Because the pallid sturgeon is an obligate benthic species, 
it rarely strays far from the sandy, turbid main channel and channel border habitats.  
ACE LAB GS FWS MT MO NE SD U IA O 
ISP Projects Addressing Questions: 
• Comprehensive Sturgeon Research Project (CSRP)  
• Pallid Sturgeon Habitat Assessment and Monitoring Program (HAMP) 
• Missouri River Restoration Project Water Quality Monitoring Program 
• Genetic Hybridization Studies 
• Determinants of Growth and Survival of Larval Pallid Sturgeon 
• Quantification of Pallid Sturgeon Shovelnose  Sturgeon Trophic Position in the 
Missouri River 
• Substrate Mapping 
• Vulnerability of Age-0 Sturgeon to Fish Predation: Assessing the Influence of Body 
Size and Water Turbidity 
• Fort Peck Flow Modification Biological Data Collection Plan 
• Fort Peck Temperature Control Device 
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The value of floodplain connectivity to the species would have to be established by 
defining food webs or other biotic interactions.   
24. What other ecological processes are potentially influenced by management actions 
(e.g., larval drift distances)? 
 High velocities and low channel diversity on the Missouri River from the Platte River 
to Sioux City may hinder migration (Reuter and others, 2009); shallow-water habitat 
construction could potentially mitigate this effect. 
 Long drift distances of larval sturgeon indicate that shallow-water habitat intended 
for rearing larval and juvenile sturgeon may be more beneficial downstream of the 
Kansas River (DeLonay and others, 2009). 
 Shallow Water Habitat may slow down velocities and reduce drift distances 
upstream of the Kansas River. 
VI. What are the trends in availability of shallow water habitat (both constructed and 
natural)? 
Service Providers:  
25. What trends are shown through monitoring/documentation of the physical habitat?  
 It is estimated that prior to any construction activities the Missouri River below 
Ponca, NE contained 3,025 acres of naturally occurring Shallow Water Habitat 
(SWH). 
 In 2009, it was estimated that there were 8,863 acres of natural and created SWH in 
the Missouri River below Ponca, NE (Annual BiOp Compliance Report, 2009). 
  
ACE LAB GS FWS MT MO NE SD U IA O 
ISP Projects Addressing Questions: 
• Comprehensive Sturgeon Research Project (CSRP)  
• Pallid Sturgeon Population Assessment 
• Pallid Sturgeon Habitat Assessment and Monitoring Program (HAMP) 
• Fish Community Monitoring and Habitat Assessment of Off-Channel  Mitigation Sites 
“Chute Study” 
• Gavins Point Spring Pulse Flow Modification – Groundwater Monitoring 
• Gavins Point Spring Pulse Flow Modification – Interior Drainage Monitoring 
• Fort Peck Flow Modification Biological Collection Plan 
• Fort Peck Temperature Control Device 
ISP Projects Addressing Questions: 
• Pallid Sturgeon Habitat Assessment and Monitoring Program (HAMP)  
• Acreage Accounting 
• Fish Community Monitoring and Habitat Assessment of Off-Channel  Mitigation Sites 
“Chute Study”  
• Population Structure and Habitat Use of Benthic Fishes along the Missouri and Lower 
Yellowstone Rivers 
• Two-dimensional Hydraulic Model of the Missouri River 
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VII. Can data on other biological factors and fish species (shovelnose sturgeon, chubs, etc.) 
provide meaningful information about pallid sturgeon? 
Service Providers:  
26. Does primary and secondary production provide meaningful information for the 
MRRP?  
 Shallow water habitat provides locations for increased abundance of algae and 
phytoplankton (primary productivity), aquatic invertebrate production and 
zooplankton (secondary productivity), and larval/young-of-year nursery habitat 
(USFWS Clarified SWH Definition, 2009). 
 Primary and secondary productivity are attributes that can be used to assess overall 
ecosystem health (USFWS Clarified SWH Definition, 2009). 
27. Do other native fish species provide meaningful information for the MRRP? 
 Evaluation of the responses of other native Missouri River fish species (e.g., 
shovelnose sturgeon, paddlefish, blue sucker, sicklefin chub, sturgeon chub, 
flathead chub, etc.) to changes in habitat, flow modifications, or water quality will 
provide valuable feedback as to the biological benefits of those changes, including: 
o A short-term assessment of the management action as opposed to a long-term 
assessment (e.g., pallid sturgeon recruitment). 
o Strengthens the overall evaluation of the management action (improved weight 
of evidence). 
o Improved understanding of ecosystem response, relationships, health, and 
trends.  
o Insight into life history needs of species that share similar life history 
components with pallid sturgeon (surrogate species; Wildhaber and others, 
2007). 
o Improved understanding of pallid sturgeon food species. 
VIII. How do different populations interact? 
Service Providers:  
28.  What is the relationship between the Mississippi and Missouri River habitats for the 
pallid sturgeon population? 
 To-date we have found that some Missouri River adult pallid sturgeon migrate into 
the Mississippi, and vice-versa (Garvey and others, 2009, DeLonay and others, 
2009).  
ACE GS FWS MT MO NE SD U O 
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ISP Projects Addressing Questions: 
• Pallid Sturgeon Habitat Assessment and Monitoring Program (HAMP)  
• Fish Community Monitoring and Habitat Assessment of Off-Channel  Mitigation Sites 
“Chute Study” 
• Population Structure and Habitat Use of Benthic Fishes along the Missouri and Lower 
Yellowstone Rivers 
• Missouri River Restoration Project Water Quality Monitoring Program 
• Comprehensive Sturgeon Research Project (CSRP) 
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IX. What are the effects of management actions on non-target resources? 
Service Providers:  
29. How do management actions affect water quality? 
 Water quality monitoring efforts are ongoing. Prior to any shallow water habitat 
creation efforts the Corps conducts water, soil, and sediment testing to ensure that 
these efforts will not negatively impact water quality in the Missouri River. 
30. How do management actions affect interior drainage/ groundwater? 
 This is being explored as part of the Spring Rise monitoring efforts.  Two years of 
monitoring data has shown that groundwater levels are influenced by Missouri River 
flows (McAllister, 2010).  
 Duration of river rises appears to influence the amount of groundwater rise; 
however, not all changes in groundwater depth correlate with river stage.   
 Changes in groundwater depth exhibit lag when compared with changes in river 
stage (Kelly, 2006, 2004, and 2000).  
31. How do management actions affect cultural resources? 
 Effects of the spring pulse on cultural resources have been monitored.  No 
significant effects to known cultural resources sites have been identified to date. 
General Least Tern and Piping Plover Science Questions: 
X. What are the population trends of interior population of least tern and Northern Great 
Plains population of the piping plover? 
Service Providers:  
32. What are the Range wide population trends? 
 Recovery of species is determined at the range wide level, meaning achievement of 
Recovery goals on the Missouri River alone will not resulting in de-listing of the 
entire regional population. 
 An international census for the piping plover has been done in 1991, 1996, 2001 & 
2006 for the Northern Great Plains population. In 1991 3,469 adults were counted 
(Haig 1992). In 1996 the population declined to 3,286 (Plissner 1997) and in 2001 
the population declined to 2,953 adults (Ferland 2002). In 2006 the population 
rebounded to 4,662 adults (Elliott-Smith 2009). The 2006 results are broken down 
as follows (Elliott-Smith 2009): 
o Canada – 1,703 adults (Goal 2,500 adults) 
o U.S. Northern Great Plains – 1,213 pairs (Goal 1,300 pairs) 
i. Montana   46 pairs (Goal 60 pairs) 
ii. North Dakota 646 pairs (Goal 650 pairs) 
ACE GS FWS MT MO NE SD U O 
ACE GS 
ISP Projects Addressing Questions: 
• Pallid Sturgeon Population Assessment – Informal Communication (MOU) 
• Pallid Sturgeon Recovery Work Groups 
• Pallid Sturgeon Research Prioritization Workshops 
ISP Projects Addressing Questions: 
• Missouri River Restoration Project Water Quality Monitoring Program 
• Gavins Point Spring Pulse Flow Modification – Groundwater Monitoring 
• Gavins Point Spring Pulse Flow Modification – Interior Drainage Monitoring 
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 Missouri River 282 pairs (Goal 100 pairs) 
 Missouri Coteau 364 pairs (Goal 550 pairs) 
iii. South Dakota 244 pairs (Goal 350 pairs) 
 Missouri River Gavins Point 117 pairs (Goal 250 pairs) 
 Missouri River Other 109 pairs (Goal 75 pairs) 
 Other 18 pairs (Goal 25 pairs) 
iv. Nebraska 268 pairs (Goal 465 – 250 for the Missouri = 215 pairs) 
v. Minnesota 2 pairs (Goal 25 pairs) 
vi. Kansas, Iowa, Colorado 14 pairs (Goal 0 pairs) 
 In 2005 the first range wide adult census was completed for the interior population 
of the least tern. Range wide, 17,591 adults were counted (Lott 2006) (Goal 7,000).   
 11, 281 were counted on the lower Mississippi River System (Goal 2,000-2,500) 
 1,821 were counted on the Red River System (Goal 300) 
 2,129 were counted on the Arkansas River System (Goal 1,600) 
 2,044 were counted on the Missouri River System (Goal 2,100) 
 138 were counted on the Rio Grande River System (Goal 500) 
33. What are the population trends of least terns and piping plovers on the Missouri 
River?   
 From 1986-2009 an average of 656 adult least terns have been counted with a high 
of 1,010 in 2007 and a low of 393 in 1986 (USACE 2009). For comparison, the 
interior population of the least tern recovery plan sets a goal of 900 adults for the 
Missouri River.  From 1986 – 2009 the number of fledglings (chicks able to fly) has 
varied from a low of 26 in 1986 to a high of 547 in 1998 with an average of 311 
(USACE 2009).  
 The above chart shows least tern adult census and fledgling results for 1986 – 2009. 
 From 1986-2009 an average of 757 adult piping plovers have been counted with a 
high of 1,764 in 2005 and a low of 82 in 1997 (USACE 2009). For comparison, the 
Northern Great Plains population of piping plover recovery plan sets a goal of 425 
adult pairs (interpreted by the FWS as 1139 total – includes estimated non-nesting 
birds) for the Missouri River. From 1986 – 2009 the number of fledglings (chicks able 
to fly) has varied from a low of 8 in 1986 to a high of 1,179 in 2004 with an average 
of 517 (USACE 2009).  
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 The chart below shows piping plover adult census and fledgling results for 1986 – 
2009. 
XI. How are management actions affecting tern and plover productivity and population 
numbers? 
Service Providers:  
34. How are releases from dams affecting productivity and populations? 
 Runoff on the Missouri River has greatly influenced both tern and plover population. 
Years of high runoff, such as 1995-1997, eliminated most habitats and saw reduced 
numbers of both species. Years of low runoff, such as 2000-2007, saw increased 
numbers of both species as habitat was available both on the river and reservoir 
shorelines. 
 Periodic high releases from the dams can create or restore sandbar habitat resulting 
in a positive reproductive response of piping plovers and least terns. 
 Low releases from the dam can provide nesting and foraging habitat by exposing 
sandbars that are normally submerged. However continuous low flows during the 
nesting period over several years will marginalize this effect as habitat degrades due 
to vegetation encroachment.  
  At the beginning of the nesting season, dam releases may be used to influence nest 
site selection. This is done to prevent the two species from nesting on sandbars that 
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ISP Projects Addressing Questions: 
• Least Tern and Piping Plover Adult Census  
• Least Tern and Piping Plover Productivity Monitoring 
• Status, Distribution, and Production of Terns and Plovers 
• Tern and Plover Population Status & Productivity Summary 1993- 2000 
• Annual Reports for the Biological Opinion 2001-2009 
• Kansas River Source/Sink Study 
• Distribution and Abundance of the Interior Population of the Least Tern 
• International Plover Census  
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otherwise could be inundated when higher releases are needed later in the nesting 
season to meet navigation targets. 
 Hydropower peaking releases from the dams can reduce nesting habitat for both 
species and foraging habitat for plovers by temporarily inundating sandbars on a 
daily basis. Hydropower peaking may lead to the loss of chicks that may be washed 
down the river as releases are increased. 
 Cold water releases out of the dams may provide unsuitable water temperatures 
that can lead to a reduction in forage food for both species. 
35. How is habitat restoration affecting productivity and populations? 
 Newly created habitat (both natural and constructed) leads to high productivity by 
both species. 
 Data shows a high nest success on constructed sandbars for both species (USACE 
2009). Chick survival is generally highest in the first year and lowers in subsequent 
years (USACE 2009), possibly due to factors such as predation and habitat quality.  
 On constructed sandbars, piping plovers have higher nesting densities than on 
natural sandbars (Catlin 2009).  
 Both species currently use constructed habitat more frequently than natural 
habitat. However, this may be a result of the marginal quality of natural habitat, 
which has not been replenished since high flows in 1997.  
 The movement of both species to constructed sandbars has caused increased 
density that leaves them more vulnerable to predators and random weather events 
(hail and thunderstorms) (2006-2009 Biological Opinion Compliance Reports) and in 
the case of the plovers, increased aggression amongst plovers (Catlin 2009). 
 Studies indicate that piping plover chicks on constructed sandbars have a higher 
growth rate than plover chicks on natural sandbars.  This may be tied to decreased 
habitat quality on natural sandbars (Catlin 2009). 
 Decreased productivity over time and declining population trends suggest that the 
quantity and quality of habitat has been inadequate to sustain population growth. 
 Studies indicate high site fidelity by returning piping plover adults. Newly available 
constructed habitat is more likely to be used by first breeding season plovers, which 
arrive later than older adults (Catlin 2009). 
 Concentrating the two species on small areas could lead to high losses due to 
predation, weather, disease and other density problems (USACE 2009). 
 The chart below shows the increasing concentration of piping plovers on 
constructed sandbars over natural sandbars from 2004 through 2009 (USACE 2009). 
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 The chart below shows the increasing concentration of least terns on constructed 
sandbars over natural sandbars from 2004 through 2009 (USACE 2009). 
36. How are fluctuations in reservoir levels affecting productivity and populations? 
 Declines in reservoir levels can expose shoreline habitat and islands used for 
nesting. 
 Declining reservoir levels over a series of years on Lake Sakakawea led to a 
substantial increase in piping plover adult numbers (USACE 2009). 
 Declining reservoir levels over a series of years on Lake Oahe led to a substantial 
increase in least tern and piping plover adult numbers (USACE 2009). 
 Rising reservoir levels over a series of years on Lake Sakakawea cause loss of 
shoreline habitat has led to decreased piping plover adult numbers, decreased 
productivity and an increase in incidental take (USACE 2009). 
 Rising reservoir levels over a series of years on Lake Oahe has led to decreased 
piping plover and least tern adult numbers, decreased productivity for the two 
species and an increase in incidental take for the two species (USACE 2009). 
 Changes in reservoir levels at Fort Peck have not demonstrated substantial effects 
on terns and plovers due to low usage of this reservoir by the birds (USACE 2009). 
37. How are predator controls and nest caging affecting productivity and populations? 
 Predator control methods include use of exclosures (cages), use of predator traps 
and other removal techniques. 
 Studies have shown implementation of predator controls increases the likelihood of 
successful piping plover egg hatching and fledging of chicks. 
 Caging of piping plover nests increases the likelihood of the eggs successfully 
hatching (USACE 2009). 
 Protecting nests early in incubation provides maximum effectiveness. 
 Caging of plover nests can lead to predation of adult plovers, juveniles, and eggs if a 
predator learns to key in on cages (Murphy et al 2003). 
 The effects of caging plover nests on least terns are unknown. Due to a different 
behavior (flying off of nest if alarmed), least tern nests are not caged. 
 Likelihood of successful fledging of a chick increased with more days the nest was 
protected.  
84
206
254 262
427
397
64
181
83
91
201 186
288 274
129
233
76
28
122
137
38
95
33
038
102
78
147
351
511
0
100
200
300
400
500
600
0
50
100
150
200
250
300
350
400
450
2004 2005 2006 2007 2008 2009
C
on
st
ru
ct
ed
 A
cr
es
A
du
lts
 &
 F
le
dg
lin
g 
N
um
be
rs
Con Adults Con Fledglings Non-Con Adults Non-Con Fledglings Con Acres
 21 
 
USACE 
USACE Labs 
USGS 
USFWS 
MFWP 
MDC 
NGPC 
SDGFP 
Universities 
IDNR 
Contractors 
Other 
ACE 
LAB 
GS 
FWS 
MT 
MO 
NE 
SD 
U 
IA 
C 
O 
XII. What other opportunities exist to positively affect tern and plover productivity and 
population numbers? 
Service Providers:  
38. Can vegetation modification positively affect terns and plovers?  
 Over 90% of nests of both species occurred in areas with less than 10% vegetation 
(Vander Lee 2002). 
 Initial test sites of vegetation removal methods had limited usage by terns and 
plovers (1991-1994 and 2005-2007) 
 An ongoing study is investigating the most effective methods of removing 
vegetation. 
 Future studies will investigate usage of vegetation removal sites by terns and 
plovers 
39. Can created reservoir habitat positively affect terns and plovers? 
 Constructed sandbars at River Mile 826.5 on Lewis & Clark Lake and at Dredge Island 
on Lake Oahe have been used by both species, sometimes providing significant 
numbers. (In 2009, 33% of all least tern nests on the Missouri were on the Lewis & 
Clark Lake complex.) (USACE 2009) 
 The opportunity to create reservoir habitat and its availability following creation is 
dependent upon dam operations which can lead to large fluctuations in water levels 
of the reservoirs, particularly Lake Sakakawea and Lake Oahe. 
40. Can flow modification positively affect terns and plovers? 
ACE GS FWS NE SD U IA C O 
ISP Projects Addressing Questions: 
• Least Tern and Piping Plover Adult Census  
• Least Tern and Piping Plover Productivity Monitoring 
• Tern and Plover Population Status & Productivity Summary 1993- 2000 
• Annual Reports for the Biological Opinion 2001-2009 
• Influence of Predation on Least Tern and Piping Plover Productivity 
• Distribution and Productivity of Least Terns and Piping Plovers along the Missouri 
and Cheyenne Rivers in South Dakota  
• Distribution, Productivity, and habitat Use by Least Terns and Piping Plovers on the 
Niobrara River in Northern Nebraska 
• Nesting Ecology of the Interior Least Tern on the Yellowstone River, Montana 
• Piping Plover Foraging Ecology in the Great Plains. 
• Population Dynamics of Piping Plovers on the Missouri River, South Dakota. 
• Piping Plover population dynamics on natural and engineered sandbars on the 
Missouri River.   
• Least Tern Productivity and Foraging Ecology on the Gavins Point Reach of the 
Missouri River.   
• Habitat Selection, Productivity, and Estimation of Available Nesting Habitat for Piping 
Plovers on Lake Sakakawea 
• Habitat and Reservoir Elevations and RDEIS Alternatives performance as described by 
equivalent habitat acres 
• Reservoir Habitat Assessment 
• Historic Take Review, 1998-2003 
• ESH Monitoring and Evaluation 
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 Tern and plover habitat in the Gavins Point segment was positively affected by the 
sustained high flows in 1997 (Vander Lee 2002).  
 Vegetation was reduced by 50% from 1996 to 1998 on existing sandbars, 
demonstrating the ability of high flows to scour vegetation (Vander Lee 2002). 
 Average sandbar size increased from 11 acres to 44 acres from 1996-1998 (Vander 
Lee 2002). 
 Bare sand areas greater than one acre in size increased from 151 in 1996 to 250 in 
1998 (Vander Lee 2002). 
 Flow from the Gavins Dam increased in 1999 and 2000 compared to 1998.  During 
this time, total sandbar acres decreased by 60% and the average site size decreased 
by 55%. Little or no vegetation scouring occurred and vegetation on inter-channel 
sandbars increased 3-fold from 1998-2000 (Vander Lee 2002). 
 Reduced flows during the drought years of 2000-2007 exposed additional sandbar 
habitat.  
 It has not been determined what magnitude and duration of flow would be needed 
to create new habitat. 
41. Can captive rearing positively affect terns and plovers? 
 In 1995, due to high releases out of the dams and the filling of the reservoirs, least 
tern eggs and piping plover eggs and chicks were collected to prevent their loss 
from inundation. The collected eggs were hatched and chicks raised at a captive 
rearing facility operated by the Corps of Engineers. After fledging (able to fly) the 
fledglings were released into the wild. The captive rearing program then continued 
through the 2002 nesting season. From 1995-2002 523 piping plover eggs, 16 piping 
plover chicks and 478 least tern eggs were collected. Of these 443 piping plover eggs 
hatched (84.7% success) and 378 least tern eggs hatched (79.0% success). 411 
piping plover chicks fledged (92.8% success) and 322 least tern chicks fledged 
(85.2% success) (USACE 2009). 
 Collection and incubation practices were refined during the program resulting in 
higher egg hatching success and lower mortality of chicks over time. 
 With the construction of a new captive rearing facility and flight pens in 1996, 
acclimation of juveniles for release into the wild was greatly improved. 
 A study in 2000 found the survival rate of post fledged captive reared plovers was 
the same as wild reared plovers (Niver 2000). 
 Captive reared piping plovers have been observed on the Missouri River every year 
from 1996 through 2010. A captive reared piping plover released in 1997 was 
observed in 2010. With an average life expectancy of 6-7 years, this 13 year old 
plover is extremely long lived (USACE 2009). 
 In the 2003 Amendment to the Biological Opinion the U.S Fish & Wildlife Service 
stated that it no longer supported captive rearing by the Corps and the program was 
terminated.  The reasons why the Service no longer supports captive rearing, as 
provided by Carol Aron of the Fish & Wildlife Service are listed below: 
 The U.S. Fish & Wildlife Service does not support captive rearing for several reasons.  
First and foremost, the Service is focused on restoring the Missouri River ecosystem, 
and does not think that diverting resources and time to captive rearing would allow 
the Corps to further that aim.  Unlike the pallid sturgeon, the birds are able to 
reproduce in the wild, making such drastic measures unnecessary. 
 Second, from previous experience, it is the Service’s understanding that while piping 
plovers could be reared successfully (albeit, as research on the Great Lakes has 
shown, with a significantly lower return rate than their wild cohorts), least terns did 
not successfully make the transition to the wild and had a very low survival rate. 
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 Third, the Service is concerned about the potential for disease or genetic 
modification by selecting for birds in a captive environment. 
 The captive rearing was tried as an experiment.  However, the Service does not 
think that this is a viable long-term solution for the Missouri River. The Service 
believes it is better to be working towards long-term solutions that benefit not just 
the birds but also the many other species that use the sandbars (turtles, sandpiper 
species, small fish areas in the shallows), and would benefit from a more 
ecologically functioning system.  The Service feels that focusing on captive rearing 
would change the emphasis drastically away from that goal. 
42. How does human disturbance affect tern and plovers? 
 A USGS study in 2006 on the Gavins Point Segment that assessed recreation and 
research disturbance of tern and plover nesting areas found very little recreation 
use of the monitored sandbars. The study found that 66% of the events monitored 
were classified recreational but only 3% of the recreational events resulted in a visit 
to a monitored sandbar. Research made up 34% of the events and 62% of these 
events resulted in a visit to a monitored sandbar. The study noted one instance 
where the presence of restriction signs seemed to redirect recreational users from a 
monitored sandbar (Stucker 2007). 
43. Can placement of restriction signs and public education positively affect terns and 
plovers? 
 Restriction signs are placed around nesting sites that contain 5 or more nests or are 
in areas where there is a high probability of human disturbance. 
 Information signs on the least tern, piping plover and pallid sturgeon have been 
placed at boat ramps along the Missouri River advising the public to be aware of the 
species and to avoid nesting areas. 
 The Corps partially funds a USFWS special agent to provide law enforcement 
coverage throughout the nesting season. 
 The Corps has an extensive outreach program on the Missouri River Recovery 
Program and endangered species with presentations to grade schools through 
universities, teacher conventions, non-government organizations and other 
interested groups.  
 The Corps is developing a web site in conjunction with the Missouri River Institute at 
the University of South Dakota to promote environmental education of the Missouri 
River ecosystem.  
ISP Projects Addressing Questions: 
• Least Tern and Piping Plover Productivity Monitoring  
• Evaluation of Vegetation Removal and Control Methods Create Emergent Sandbar 
Habitat 
• Reservoir Habitat Study for Least Terns and Piping Plovers 
• Bird Captive Rearing Program 
• Assessment of the Management Strategy to Release Captive Reared Piping Plovers 
into the Missouri River System 
• Evaluation of Captive Rearing as a Management Tool for Piping Plovers 
• A Muddy Question: Assessing Human Recreation and Research Disturbances on 
Missouri River Sandbars Managed for Endangered Birds 
• Island Clearing and Habitat Improvement for Least Terns and Piping Plovers Nesting 
Habitat along the Missouri River 
• Unbalancing Study (Master Manual) 
• Vegetation Control on Sandbars Utilizing Lime and Herbicides 
• Population Dynamics of Piping Plovers on the Missouri River, South Dakota 
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XIII. What are the trends in habitat availability on the system? 
Service Providers:  
 A method to annually inventory and map emergent sandbars and land cover for the 
Missouri River using high-spatial resolution satellite imagery (QuickBird) has been 
developed.  Using  criteria in the 2003 Missouri River Biological Opinion to define an 
emergent sandbar, the analysis showed all river segments except for Fort Randall 
are substantially below (<30 %) the 2005 minimum emergent sandbar area targets 
in the Biological Opinion. 
 Sandbar habitat on the priority segments identified in the BiOp (Gavins Point River, 
Lewis and Clark Lake, Fort Randall River, Garrison River, and Fort Peck River) was 
measured based on aerial photographs from 1998, 1999 and 2005.  In general, 
sandbar habitat increased significantly in 1998 due to sustained high flows on the 
system from 1995-1997.  Sandbar habitat declined due to erosion and vegetation 
encroachment in the period from 1998-2005.  The overall acreage of habitat in 
1998/1999 was approximately 6,754 acres which declined to 1,985 acres by 2005.  
Measurements of habitat available in these segments were also recorded in 2006-
2009 however the acreage of sandbar habitat available has not yet been reported. 
44. What are the trends in flow events that create habitat (frequency/probability)? 
 Analysis of system conditions (inflows and outflows) from 1968 through 2009 
indicate that in 9 out of the 42 years, the potential existed to create sandbar habitat 
based on the criteria of 60,000 cfs for 60 days (however, this quantity and duration 
of flow is not known to create habitat).  
 Seven of the nine years in which this potential existed appeared to be clumped 
together: 1969,1971,1972,1995,1996,1997,1999 
 The remaining two years were early in the period of analysis (1975 and 1978) 
indicating that only one major event (1995-1999) was likely to have created habitat 
since the listing of both species in 1986. 
45. What are the trends in erosion rates? 
 Erosion rates of sandbars over the period of 1998-2005 varied by segment and 
ranged from 5% (Lewis and Clark Lake) to 14% (Gavins Point River Segment) loss per 
year with an average rate of 10% loss per year.  
46. What are the trends in vegetation/ re-vegetation rates? 
 Revegetation is widespread one year after tilling. 
 Vegetation rates of sandbars over the period of 1998-2005 varied by segment and 
ranged from 3% to 14% per year with an average rate of 6% per year.  
47. How does availability of ESH change due to water levels and dam releases? 
ACE GS FWS NE SD U C O 
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 Draft curves have been developed to capture this relationship for three segments 
based on 2005 LiDAR (Gavins Point) and technical appendices to the Master Manual 
(Ft Randall and Garrison).  While these represent an initial starting point, future 
investigations will be undertaken to update and refine these relationships.  These 
curves can be used by taking a known acreage and discharge, for example 100 acres 
at 30,000 cfs in the Gavins Point segment, and adjusting it to a desired discharge, for 
example 15,000 cfs.  In this example, 100 acres at 30,000 cfs (30% exposed) would 
correspond to approximately 217 acres of ESH at 15,000 cfs(65% exposed) ([100 
acres/30%] * 65% = 217 acres).  
 The relationship of habitat availability to flow is complex. As flow is decreased, the 
area of exposed inter-channel sandbars and islands initially increases due to the 
lower river stage.  However, as flow is further decreased inter-channel sandbars can 
become connected to islands and to floodplains which leads to a decrease in the 
amount of inter-channel sandbars depending upon the criteria and definitions used 
to define emergent sandbars. 
  
ISP Projects Addressing Questions: 
• Vander Lee Habitat Classification 
• PEIS Analysis 
• Inventory, Mapping, Estimation, and Monitoring of Least Tern and Piping Plover 
Habitats on the Upper Missouri River Using Quickbird Imagery 
• Evaluation of Vegetation Removal and Control Methods Create Emergent Sandbar 
Habitat 
• Monitoring and Evaluation of Emergent Sandbar Habitat and Management Projects 
on the Upper Missouri River System 
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XIV. What factors influence nest site selection, productivity and populations trends? 
Service Providers:  
48. How does breeding ground location and site selection affect tern and plover 
populations and productivity? 
 The Missouri River Basin represents the northernmost breeding range of the interior 
population of the least tern. Under migration theory these terns would travel the 
furthest of all least terns with their wintering grounds being the southernmost of all 
least terns (southern Brazil and northern Argentina) (Newton 2007). This longer 
distance could mean a lower survival rate to and from the wintering grounds for 
Missouri River terns. It also means that survival should be higher for terns breeding 
on the lower Missouri at Gavins Point and Lewis & Clark Lake compared to those 
breeding on the upper Missouri below Fort Peck and Garrison Dams. 
 The Platte, Niobrara and lower Missouri Rivers represent the southernmost 
breeding range for Northern Great Plains population of the piping plover. Under 
migration theory these plovers would travel the shortest distance to and from the 
wintering grounds on the Gulf and Atlantic Coasts (Newton 2007). These plovers 
would be anticipated to have a higher survival rate compared to plovers that have 
to migrate to North Dakota, Montana and Canada.  
 Site selection on the Missouri River is an area that is being considered for further 
study. 
49. How does food availability affect piping plovers and least terns? 
 Plover chicks gained weight more rapidly in the alkali wetlands than on river 
segments (Le Fer 2006). 
 Compared with cooler water river segments and reservoir segments, invertebrate 
numbers and biomass were higher in the wetlands and warm water (Gavins River) 
segment, but plover chick survival was lower on the warm water (Gavins River) 
segment; thus, piping plovers adapted to a variety of prey densities, and other 
factors, likely predation, reduced survival rates in the warm water (Gavins River) 
segment (Le Fer 2006).  
 Prey availability plays a role in plover chick survival (heavier chicks were more likely 
to survive to fledging). However, other factors in addition to prey availability, such 
as predation pressures, also play a role in reproductive output in the Great Plains 
population (Le Fer 2006). 
 Plover chicks that were larger at early stages (4-5 days and 8-9 days old) were more 
likely to survive to fledging.  However, chick size at 4-5 days and 8-9 days did not 
vary among sites and, thus, did not explain differential survival among sites (Le Fer 
2006). 
 Water temperatures, variation in water temperature, less scouring flows, lack of 
daily water fluctuations, habitat, or food difference may explain the greater number 
of invertebrates in the warm water (Gavins River) Segment (Le Fer 2006). 
 A separate study has been conducted on the availability of forage for least terns 
within the Gavins Point River segment.  Results of this study are pending. 
50. How does density-dependence affect piping plovers? 
 Piping plovers are territorial and may exhibit aggressive behavior towards other 
adult and juvenile plovers using the same breeding area (Catlin 2009).  
 Piping plover juvenile survival was negatively related to nesting density on the 
relatively densely populated engineered sandbars (Catlin 2009). 
 On the less dense natural sandbars, survival was positively correlated with density 
(Catlin 2009). 
 Adult survival did not appear to be related to density within the study (Catlin 2009). 
ACE FWS U 
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 Juveniles from densely populated engineered sandbars were more likely to leave 
engineered habitat to nest on natural sandbars than were juveniles hatched on less 
densely populated engineered sandbars (Catlin 2009). 
 It is possible that juveniles moved to natural habitats because they were unable to 
compete with adults for the more desirable engineered habitats (Catlin 2009). 
51. How does predation affect terns and plovers? 
 While conducting research in 1991 and 1992, Kruse and others (1993) documented 
that raccoon and mink were responsible for most of the known nest predation 
(77.3%) and great horned owls were responsible for most of the known chick 
predation (68.2%). 
 Of the depredated nests monitored by the Corps from 1993 through 2007 with a 
predator identified, raccoon and mink have been implicated 68.4% (214/313) of the 
time (USACE 2009-07).     
 Of the nests monitored by the Corps in the last ten years (1999-2008) on both 
natural and constructed sandbars on the Missouri River, predators have been 
directly identified in the loss of 5.1% (292/5,716) of piping plover nests and 6.7% 
(336/5,052) of least tern nests. These estimates are conservative because they 
include only nests that were positively identified as being depredated through 
evidence left at the nest bowl, such as track trails, feces, and feathers (USACE 2009-
07). 
 Monitoring of least tern and piping plover breeding activities on sandbars 
constructed below Gavins Point Dam showed high productivity in the first nesting 
season after construction. In subsequent years densities increased and productivity 
for the three older sandbars dropped. However, apparent nest success for these 
sandbars remained high for 2004-2008 with 68% of plover nests and 70% of tern 
nests hatching out at least one egg. The reason for the low productivity on these 
older bars was due to high chick mortality. In the absence of evidence of chick losses 
due to weather events, the most likely causes of the recorded high chick mortality 
were likely predation (USACE 2009-07). 
 USDA trappers have set pole traps on constructed sandbar complexes to remove 
great horned owls. Virginia Tech researchers have documented that after an owl is 
removed piping plover chicks have a higher survival rate. 
52. How do weather events affect terns and plovers? 
 Severe thunder storms and hail storms have been documented to be factors in nest 
destruction, chick and adult losses on the Missouri River. For example:  On July 9, 
2009 USGS technicians surveyed the constructed sandbar at RM 791.5 just hours 
after a severe thunderstorm had passed through the area. The storm was 
documented to have had high winds and large hail. The USGS crew found on the 
sandbar the following dead birds: 23 least tern chicks, 5 least tern fledglings, 6 least 
tern adults, 8 piping plover chicks, 3 piping plover adults. The crew also found a 
least tern chick and a least tern fledgling that were severely injured and likely did 
not survive (Sherfy 2009). 
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XV. How are factors outside of the Missouri River affecting populations? 
Service Providers:  
53. How does immigration/ emigration (use of other nesting habitats) affect Missouri 
River piping plover populations? 
 Adults and juveniles emigrated from (left) the study area at a higher rate after the 
2006 breeding season, a year when water discharge was higher, nesting densities 
were higher (as a result of reduced habitat availability), and reproductive success 
was lower (as a result of predation) than in the other years (Catlin 2009). 
 Based on population models for terns and plovers, it appears that immigration of 
birds from outside of the Missouri River contributed to the growth of the Missouri 
River populations seen between 1998 and 2007. 
 Researchers from the Virginia Polytechnic Institute have documented that piping 
plovers banded on the Missouri River below Gavins Point Dam have been re-sighted 
on the Missouri River below Fort Randall Dam, on Lewis & Clark Lake, on the 
Niobrara River, on the Platte River and at the Lake of the Woods Ontario Canada 
(Daniel Catlin, Joy Felio, Virginia Polytechnic Institute – personal communication). 
 Researchers from the Virginia Polytechnic Institute have documented that piping 
plovers banded on the Platte River as chicks in 2008, nested the following year on 
the constructed sandbar complex on Lewis & Clark Lake (Felio 2009).  
54. How does survival during migration affect Missouri River populations? 
 Piping plover migration routes may be as short as 1,000 miles (Louisiana-Texas Gulf 
Coast) to as long as 2,000 miles (Bahamas) between the Missouri River breeding 
grounds and wintering grounds. 
 Piping plover migration duration in not known, but may be relatively quick with 
birds moving between the breeding and wintering grounds in less than two weeks 
(Pompei 2007). 
 There are no clear migration routes seen on the maps of stopover sites, and no 
inland sites were used consistently year after year, but it must be noted that 
shorebird habitat tends to be quite variable at interior sites (Pompei 2007). 
 Migrating plovers appear to be somewhat flexible in their stopover site choices, 
Piping plovers do not seem to stage during migration as many other shorebird 
species do. This makes them less vulnerable to the loss of important stopover sites 
(Pompei 2007).  
 Findings confirm previous observations that plovers do not migrate in flocks, and it 
was found that they stay at stopover sites for only a short time.  Sites where large 
numbers of plovers were seen tended to be at or very close to known breeding and 
wintering sites (Pompei 2007). 
 Piping plovers stop at both inland and coastal sites during migration (Pompei 2007). 
ACE GS FWS U O 
ISP Projects Addressing Questions: 
• Inland Migration Stopovers Used by Piping Plover 
• Piping Plover Population Dynamics on Natural and Engineered Sandbars on the 
Missouri River.   
• Population Dynamics of Piping Plovers on the Missouri River, South Dakota 
• Piping Plover Foraging Ecology in the Great Plains 
• Least Tern and Piping Plover Productivity Monitoring 
• A Muddy Question: Assessing Human Recreation and Research Disturbances on 
Missouri River Sandbars Managed for Endangered Birds 
• Evaluation of procedures for Monitoring Productivity and Numbers of Piping Plovers 
& Least Terns on the Missouri River 
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 The predictability of habitat existence and quality during migration is low from year 
to year, and even within a single season (Pompei 2007). 
 Least Tern nesting on the Missouri River represents the northernmost range of the 
interior population and therefore these terns would winter on the southernmost 
wintering grounds. This may mean a migration as short as 4,000 miles to the Pacific 
coast of Columbia and as far as 9,000 miles to the Atlantic coast of northern 
Argentina. 
 Least tern migration routes in the interior United States are believed to follow major 
river routes to the Gulf of Mexico after which the route is unknown. 
 The duration of least tern migration is unknown. The locations of least tern stopover 
sites during migration are unknown. 
 Least terns may flock together before beginning migration to the wintering grounds. 
55. How does survival on the wintering grounds affect Missouri River populations? 
 Piping plovers may spend from 9 to 10 months each year on the wintering grounds. 
 The piping plover wintering range includes the Gulf Coast from Mexico to Florida, 
the Atlantic Coast from Florida up to North Carolina, the Bahamas, and Caribbean 
islands. 
 Threats to piping plover wintering grounds include recreation use, urban 
development, oil spills and dredging operations. 
 Studies by Virginia Tech researchers show a year to year high survival rate of piping 
plover banded below Gavins Point Dam indicating that survival is not a problem on 
the wintering grounds (Felio 2009). 
 Survival of piping plovers on the wintering grounds is less frequently monitored than 
on the breeding grounds. 
 Least tern wintering grounds locations are only vaguely known to be on the Atlantic 
and Pacific coasts of South America.  
 The time least terns spend on migration and on the wintering grounds is between 9 
to 10 months, but how much time is spent on migration and how much time is spent 
on the wintering grounds is unknown. 
 Wintering grounds threats to survival are largely unknown due to the lack of 
knowledge as to where the wintering grounds are located. 
 
XVI. What are the effects of management actions on non-target resources? 
Service Providers:  
56. How do management actions for terns and plovers affect sturgeon? 
 Steps have been taken to identify potential spawning sites for sturgeon near 
locations targeted for ESH restoration and avoid them.  Some potential projects 
have been canceled due to this consideration. 
57. How do management actions for terns and plovers affect mussels? 
 Any impacts to mussel communities from ESH restoration would be primarily 
associated with construction efforts and not the completed projects themselves. 
ACE GS FWS SD U O 
ISP Projects Addressing Questions: 
• Inland Migration Stopovers Used by Piping Plover 
• Population Dynamics of Piping Plovers on the Missouri River, South Dakota 
• Piping Plover Population Dynamics on Natural and Engineered Sandbars on the 
Missouri River.   
• International Plover Census  
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 Numerous surveys have been conducted in order to identify the potential impacts of 
ESH on mussel communities within the Missouri River (primarily the Gavins Point 
Segment).  The most comprehensive study was completed in 2007.  This study found 
that mussels occur at low densities in the Gavins Point segment when compared 
with other Midwestern rivers.  Mussels in the study area were most abundant in 
areas protected from high current velocity.  Species richness was highest in the most 
upstream 10 miles of the river segment (below Gavins Point dam).  This study also 
noted that ESH construction downstream of river mile 795 was not likely to affect 
any mussel beds (CPUE>35 mussels/hour), but that some pockets (CPUE between 35 
and 15 mussels per hour) may be affected (ESI, 2007). 
58. How do management actions terns and plovers affect riverbank erosion? 
 Monitoring of constructed sites at river miles 761.3 and 770 has not exhibited 
significant changes in bankline erosion trends following construction of ESH sites. 
59. How do management actions for terns and plovers affect water quality? 
 Post-construction water quality surveys were conducted at River Mile 826.5 in Lewis 
and Clark Lake, downstream of a constructed sandbar site.  No significant adverse 
affects to water quality were found. 
60. How do management actions for terns and plovers affect turtles? 
 Although there is the potential for negative impacts to native turtle communities 
during construction, constructed sandbars within the Gavins Point segment have 
been used by native turtle species and add to their available habitat within the 
segment. 
 
General Bald Eagle / Cottonwood Science Questions: 
 
XVII. What are the trends in land cover and cottonwood forests along the Missouri River? 
Service Providers:  
61. What is the current status of cottonwood populations on the Missouri River? 
 In 2007-2009, surveys were conducted to determine the current status of 
cottonwood forests along the Missouri River.  This survey found that 48 to 91 
percent of the cottonwood area was greater than 50 years old.  Mean tree species 
richness decreased from downstream to upstream.   
o This survey also measured the approximate acreage of cottonwood forest per 
river mile in some priority segments and their maturity: 
 Garrison River Segment – 270 acres / river mile; 85% mature (50+ years old); low 
recruitment 
 Oahe Dam to Big Bend Dam - 20 acres / river mile; 91% mature; >1% young (>15 
years old) 
 Fort Randall River Segment - 68% mature 
 Lewis and Clark Lake – >50% mature 
 Gavins Point River Segment – Majority under 50 years old 
ACE LAB GS MT MO NE SD U IA C O 
ISP Projects Addressing Questions: 
• Characterization of Unionid Communities in the 59-Mile Gavins reach of the Missouri 
National Recreational River 
• Missouri River Restoration Project Water Quality Monitoring Program 
• Emergent Sandbar Habitat Evaluation and Monitoring 
• Two-Dimensional Hydraulic Model of the Missouri River 
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 Platte River to Kansas City Missouri - 50% mature 
62. What are the trends in Bald Eagle Populations? 
 Bald Eagle populations in the United States have increased from a low of 417 
nesting pairs in 1963 to 9,789 pairs in 2007.  This exceeds the Recovery goal of 3,900 
pairs which resulted in de-listing of the species on August 30 2007. 
General Mitigation Questions: 
XVIII. What are the trends in land cover at Mitigation sites? 
 
XIX.What are the effects of mitigation sites on floodplain ecosystems? 
Service Providers:  
63. How much habitat has been restored? 
 Under the Missouri River Fish and Wildlife Mitigation Project the Corps is authorized 
by Congress to acquire 166,750 acres along the lower 735 miles of the Missouri 
River from Sioux City, Iowa to the mouth near St. Louis, Missouri to offset the 
impacts to fish and wildlife resources resulting from the construction, operation and 
maintenance of the Missouri River Bank Stabilization and Navigation Project.   
 As of July 2010 there are 57 specific mitigation sites totaling 57,459.51 acres.  This 
represents approximately 34% of the authorized acres.   
 Comparing baseline conditions at time of purchase to 2009 mapping at 29 of our 
mitigation sites, totaling 39,989.88 acres, the following trends were noted:  
 Cultivated lands on these areas decreased from 24,221.26 acres to 11,806.05 acres.   
 Forested wetlands from 309.80 acres to 1039.57 acres,  
 Increased scrub shrub wetland from 490.67 acres to 855.10 acres 
 Increased forested areas from 7,112.03 acres to 10,113.34 acres.    
64. What is the quality of restored habitat? 
 Chutes and backwaters provided habitat for different fish communities. Chutes 
were found to have more riverine species while these species were lacking in 
backwaters.  Contiguous backwaters had greater species diversity and richness than 
those that were impounded. This connection to the river allowed species to access 
these areas that they otherwise could not have. 
 Chutes that were located farther up the Missouri River tended to benefit different 
species than those on the lower end of the river. 
 The benefit of a chute to the overall fish community probably depended on if the 
chute provided something different from what was already found in the main 
channel. 
 More diverse fish communities were found in the older constructed and natural 
chutes. 
 Overall, the fish communities in most sites were dominated by juveniles of most 
species. 
 Predictive models indicated that chutes had different probabilities of presence for 
target species. In general, chutes that were relatively longer, wider, shallower and 
had greater sinuosity were more likely to have target species present. 
ACE FWS MO NE IA 
ISP Projects Addressing Questions: 
• Cottonwood Management Plan  
• State/NPS Monitoring 
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 Backwater and chute habitats appear to be beneficial to the biodiversity of the 
Missouri River system; however, it is important to note that different reaches of the 
river have different needs. 
65. What are indicators of mitigation success? (Reptiles, amphibians, birds)?  
 Important predictor variables for species presence were year (85% of species 
models), water depth (80%), turbidity (65%), water temperature (60%), month 
(60%) and water velocity (50%). 
 An ongoing wetlands functional assessment is studying the occurrence of reptiles 
and amphibians at wetlands (both natural and constructed) on Mitigation sites. 
 Diversity of habitats used by these species may make them good indicators of 
floodplain quality (primarily wetlands) at these sites. 
ISP Projects Addressing Questions: 
• Missouri River Mitigation Wetland Restoration Functional Assessment Project ‘Herp Study’ 
• Missouri River Chute Sediment Monitoring 
• Fish Community Monitoring and Habitat Assessment of Off-Channel  Mitigation Sites “Chute 
Study” 
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